Abstract-Reconfigurable reflectarray antenna is one of the options proposed in this work that can be used as an active antenna in order to allow the change in the frequency of operation and hence, the dynamic phase control of resonant elements. The capability of realizing frequency tuning using slots embedded into patch elements is presented. In this study, the change in resonant frequency and phase distribution has been investigated using frequency tuning strategy within Xband frequency range. This further enhances the feasibility of reflectarray antenna of realizing electronic beam scanning. The results obtained from commercially available CST computer model demonstrate that the energy reflected with a minimum simulated reflection loss of -0.6233 dB Moreover, the maximum attainable phase range of 4.922 rad allows the beam to be scanned up to an angle of 26 degrees. Analysis of the frequency tuning capability of resonant elements using CST computer software will be integrated with measurement using waveguide simulator to show the reliability of the change in frequency and phase distribution.
I. INTRODUCTION
Reflectarray antennas can be used as an alternative to conventional parabolic reflector antennas due to their planar surface and compact low profile nature [1] . A microstrip reflectarray antenna combines some of the best features of reflectors and microstrip arrays [2] , [3] . A feed antenna illuminates the reflecting surface which consists of isolated radiating elements. These elements are pre-designed with a particular phase delay such that the illuminating electric field from the feed reradiated and scattered from these elements to form a planar phase surface in front of the aperture.
One of the main aspects of microstrip reflectarray is how the individual isolated elements are made to scatter. Therefore, the choice of the shape and the size of the elements in the actual design is a critical feature.
The concept of reconfigurable reflectarray elements is beneficial for reflectarray design as it allows dynamic phase control of a single radiating element. Each radiating element can have a similar physical structure and the desired phase response can be achieved by electronically manipulating the phase distribution of each of the resonant elements. Such a dynamic beam forming approach can reduce the complexity and costs in the scanning system architecture. In order to design such a reflectarray, differential phase curves for individual radiating elements must be generated.
In this project, the change in frequency and hence phase distribution has been investigated using frequency tuning method within X-band frequency range. Frequency tuning was employed to obtain the phase range and study the possibility of realizing electronic beam scanning.
II. ANTENNA ELEMENTS
In this work, patch elements have been considered as reference elements for this particular analysis. The patch elements were then embedded with slots in order to investigate the possibility of identifying the change in the frequency of resonance and hence the phase of reflection. The patch elements were modeled using commercially available CST computer model in order to study the scattering parameter behavior of the resonant elements.
A.
Selection of Element Suitability In this work, the frequency of resonance has been chosen to operate at 10 GHz (λ = 30 mm). As shown in Fig.1 , the dimensions of the top patch are 8.75 mm x 8.75 mm, the substrate thickness is 1.575 mm with dielectric constant ( r ) of 2.33, and the dielectric loss tangent of 0.0012. The slot length as depicted in Fig. 1 (b) was then varied from 3 mm to 7 mm to investigate the possibility of achieving the change in the operating frequency.
B. Operation of Reconfigurable Design
A fixed length of the slot is chosen and the copper strips (switches) are placed on the slot. By tuning the switches, the slot length can be varied. The only purpose of the slot is to load the patch and change the phase of the reflected field. The slot length is fixed to 7 mm and all other dimensions are kept similar to Fig. 1 . Fig. 2 shows the location of the copper strips (switches) and the corresponding changed in the slot length. When all the copper strips were introduce, the slot length becomes 3 mm as shown in Fig. 2 and when only two copper strips were introduce, the slot length becomes 5 mm. The slot length was used from 7 mm (remove all copper strips) to 3 mm (introduce all copper strips). The dimension of the copper strips is 0.5 mm X 0.6 mm and the spacing between the copper strips is 0.5 mm as shown in Fig. 2 .
III. RESULTS AND ANALYSIS
The analysis of the scattering parameter of the patch element has been investigated using commercially available CST computer model in order to study the effect of employing patches printed on different substrate thicknesses as well as material properties.
A. Variable Thickness of Substrate
In this work, preliminary investigation has been carried out in CST computer model to study the effect of varying the substrate thickness from 1.2 mm to 1.8 mm on the reflection loss at the operating frequency of 10 GHz. The simulated reflection loss and reflection phase plots are shown in Fig. 3 and Fig. 4 . As shown in Fig. 3 , it is clearly shown that as the substrate thickness was varied from 1.2 mm to 1.8 mm, the resonant frequency of the patch element changes from 10.10 GHz to 9.95 GHz. The reflection loss of the element depicted in Fig. 2 is shown to be reduced as the substrate thickness was varied from 1.2 mm with reflection loss of 0.96 dB to 1.8 mm which has reflection loss of 0.51 dB. This agrees with the loss performance trend of a reflectarray reported by Pozar [3] where the reflection loss of the resonant elements of reflectarray is determined by the gradient of the s-shaped phase curves of the patch elements as demonstrated in Fig. 4 . As shown in Fig. 4 , the thinner substrate of 1.2 mm has a higher roll-off compared to the thickess substrate of 1.8 mm which has a gentler phase distribution. Table 1 shows the summary of the simulated reflection loss and resonant frequency for patch elements over the entire X-band frequency range for different substrate thicknesses. There is slight frequency shift when substrate thickness is changed from 1.2 mm to 1.8 mm. It is shown that the reflection loss varies with the change in substrate thickness. It was observed that for 1.2 mm thickness substrate, the loss is much higher than other substrate thickness. It is because of the radiation loss through the substrate materials. Substrate thickness is indeed an important consideration in the design of reflectarray antenna [5] .
B. Effect of Different Material Properties
The performance of reflectarray antenna is dependent on the properties of dielectric materials. Table 2 shows three different commercially available substrate materials defined using CST computer model with different dielectric constants and dissipation factors. Further investigation has been implemented in CST computer model to analyse the effect of using different materials on the loss performance of the reflectarray antennas. The simulated reflection loss results are shown in Fig. 5 . As shown in Fig. 5 , it is clearly demonsrated that the material G-10 with the highest dielectric constant of 4.8 offers the highest loss performance of 9.79 dB compared to the other two materials of Rogers and Arlon which gives reflection loss of 0.62 dB and 0.36 dB respectively. It is also observed that Arlon demonstrates the lowest loss performance due to the material properties of dielectric constant of 2.2 and tan δ 0.0009 resulting less dielectric absorption of the reflectarray antenna. Table 3 depicts the summary of the results of the loss performance for the three different materials.
C. Reflection Phase Distribution
The change in the frequency generated from the CST computer model can be used to investigate the preliminary study of realizing beam scanning antenna. The simulated reflection phase of three different patch unit cells with different slots sizes are shown in Fig. 6 . The change of phase range from 0.419 rad to 4.922 rad have been used to obtain the possibility of obtaining the change in the beam scanning angle. The s-shaped phase curves of the patch unit cells have been generated where the patch with no slot has been used as a reference phase curve. However, as shown in Fig. 6(c) , the scanning angle of the beam is shown to be reduced to 26 o as the length of the slot was adjusted to 7 mm. The summary of the results of the analysis of the feasibility of realizing beam scanning is shown in Table 6 . The beam was observed to be further scanned at 69 o away from boresight direction as the slot length was varied to 5 mm as depicted in Fig. 6(b) . The maximum phase change distribution was computed at the center operating frequency of the phase plots where the beam is predicted to scan at a certain direction. As shown in Fig.  6 (a), the beam is shown to be scanned at an angle of 8 o with a maximum attainable phase range of 0.42 rad for the patch element with slot length of 3 mm. Table 6 shows the phase range using three different slot lengths. It can be seen that phase changes from 0.419 rad to 4.922 rad while beam scanning angle changes from -8 degree to 26 degree when the slot length is varied from 3 mm to 7 mm.
IV. CONCLUSIONS
A new technique of realizing beam scanning has been proposed using frequency tuning strategy. This technique offers a simple option of creating a beam scanning antenna by employing the properties of the modification of surface current distribution of the patches embedded with slots elements. A predicted maximum beam scan angle of 69 o away from boresight direction was achieved with a frequency difference of 0.13 GHz as the slot length was varied from 3 mm to 5 mm. The reconfigurable reflectarray presented here introduced a novel technique on reducing the complexity of the structure of realizing beam scanning antenna.
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